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G YC:[ = (V,E) ýx<32 V B"\%ﬁ:ﬀ B\9)B\=+ﬁﬃB : Bﬀ<==xBk%i YCBhYCû"B\9%>9%ﬁﬃB" 9Õ:>
=< \!#ﬁ¥B"ﬀý5Bk%8<32y!&ﬁ`B	^E!\%BwÕ|9;B?YBAk%B uv ∈ E "!Bk%B\Õ/ﬁﬃB\=xB"9%"!ﬁﬃB"39 Õ: u Bk% v
<>9%Õ|9xhI<!9%8: B3YﬀB\9¤: Bﬀ@kD}[ﬂ<Õ¦eB\9ﬀ<==?Õ|9




































































0QõUô]öQWúTùUñ\é÷|baøTõkô\ùUîUîzøTô\éªùoéXõð;ñéoöRéXôpòXøTõUéXô a é-ð b ïZöZßQyùUõkîzøTïRõð_û#é
ñ\éXõû#ékò\{
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S:ç¤Ñ9ÆÍÌÆÇÍ éTﬁ¥Ñ¤Î>ÌÎÉ
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Í+É|ÐﬂË>ÒiÑ¤Ç ôZÂè.;Âè.Í+É*éÑ¤Ç éÆVUﬁÆ¢É*éwéÉ ÌÆÇÍ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S	çÑ9ÆÍW¨ÐEÅ¢ÆXUOÆ¢É
ÇEO Æ¢ÌTÆ/Ë+ËÉ_ÇÌTÍ+Ñ;ÇEçÑ¤Ò&ÍÒ&Ç¿Æ6ç/ÆÇËÌ¢ÉÐ-Ñ¤Ç¤Ë>Ò&ÇﬁÆ¢É|ÎxÍ+Ñ¤ÇTÌEﬃ*ædéÆIÐ-É_ÊÉ_Ç¤Ë

ñ~ðﬀQõð^û#øõUõ#ópùUõrúTñﬀQuîUìUé G YC:[ = (V,E) é-ðjùUõUépõù)*{óXñ\øð"Q ð;ïRøTõ σ ,[õUøTùUôQuô{
ô\øê-ïRøõ#ô















;iìQEùUé?Quù#ð;øﬂ*xQ ð;é Ak ,
ùUé]öøõxQuîUîzéXöRöZéHQuù#ð;øﬂ*xQ ð;é]öRøêQuö,éXôðû#ókWõUïê-øﬂ**{é]ùUõ{é-õUô;ék*dUöRé!ûZó-ð"Q ð;ô Qk
,û#é
 Ø®Ù¹»ºÇ¼6587aÝ`|:9¹/iaÛJÝ`¹&º|i














ﬁﬀ Õ/%}<=xE%}B Ak = {Qk, Tk, ik} %B+ﬁ\ÕB#0
`
!&ﬁ`B	^ﬂ!\%BwÕ_9 ûk%}E% q : 9)ªﬁ:ﬀ Õ_%<=x%B¨hI<Õ_Y?"])"ÕB¨hI<>!i9%¨: BªYCB\9;:-Bﬀ@kD}[ﬂ<Õ¦ e
:>Õy9Õ: nk
÷8<Õ|Y"]) \Õ|9:ﬀ B\9%#YCB?B\Õ^ß<99;<E%B label(q) = σ(e)  
`
!&ﬁzB	^ﬂ!A\%BÕ_9;B%#Yﬀ>9)"!&%#!V<9 t ∈ Tk : Bxﬁ:ﬀ ûk%E%3:-BKﬁ¥ ﬀB+ﬁ σ(ei) "Uﬁ:ﬀ ûk%}E%3: Bxﬁﬃ-ﬀB+ﬁ
σ(ej)
`
"! σ(ei) < σ(ej)




"! σ(ei) = max{label(q), q ∈ Qk} Bk% σ(ej) = min{label(q), q ∈ Qk}  
`


















































































õ)faùû#ô a é-ð b ,QuöRøñ\ôw¹
)qøTùUñ_öRé^õ)faùû a ¹ö©Qù#ð\ø-*Quð\é^öZøßêQö Aa éXôðYöVÅéXõUô\é+*d#öZéwûZÅó-ðﬀQuð\ô Qa = {1, 9} ,zé-ð
û#é`ð;ñﬀQuõUô\ïRð\ïRøõUô Ta = {1→ 9, 9→ 1} ,û#øTõêoû#é-ùýó-ð"Q ð;ô]é-ð!û#é-ùýð;ñﬀQuõUô\ï¾ð;ïRøõUô
)qøTùUñ`öRéyõ)faùû b ¹öV$Quù#ð;øﬂ*xQ ð;éyöZøßêQuö Ab éXôðaöVÅé-õUô;ék*dUöRéhûZÅó-ðﬀQuð;ô Qb = {1, 2} ,8é-ð
û#é`ð;ñﬀQuõUô\ïRð\ïRøõUô Tb = {1→ 2, 2→ 1} ,Uû#øõêaû#éXùýó-ðﬀQuð\ô]é-ð!û#éXùýð\ñﬀQuõUô;ï¾ð;ïRøTõUô
£_ù÷û#óXîQuñð!öRéXô!õ)faùû#ô a é-ð b ô\øTõð_ûIQõ#ô_öVÅó-ðﬀQuð_û#éw*+*{éoöQdzéXö 1 ,ê-éeùUïô\ïZúTõUï¥Wé
ùoÅïRöRôô\øTõðûIQuõUô=öZéH*+*{é_îzøTïZõðû#éYñ\é-õû#é+ò\{
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û#øõ#õUóhùUõéXõUô\é+*dUöRéhûZ$Quù#ð;øﬂ*xQ ð;éXô`öZøßêQuùý Ak = {Qk, Tk, ik} (k ∈ [1..M ]) öRéXùUñ
Qù#ð\ø-*Quð\éaîUñ\øßû#ùUïRðﬀéXôðﬀê-øõUôð\ñ\ùUï¾ð!ê-ø-*¡*{éaô\ùUï¾ðª¹
`
B"3û\%E%&¨<9%: B" M D}Õ>h;ﬁ¥Bk%: B"lûk%E%i3: Bﬀ3Õ/%}<=xE%}B"ﬁﬃ<ﬀÕ^ (q1, ..., qM) ∈
Q1 × . . . ×QM
`
ﬁ:ﬀ ûk%}E%!9I!&%#!VﬂﬁB"\%zﬁ:ﬀ ûk%}E%8ﬀ<>=HhI<>ûe: Bª%}<Õ|wﬁﬃB"eûk%E%&l!i9)!&%#!>Õ^ß: B"eÕ_%<=x%B"
ﬁﬃ<ﬀÕ^ (i1, ..., iM)
`
!#ﬁwB	^ﬂ!\%}BÕ|9;B%#Yﬀ>9)"!&%#!V<9°B\9%#YCBÔ: B\Õ^ û\%E%& Q = (q1, . . . , qM) Bk% Q′ =
(q′1, . . . , q
′
M)
: Bﬁ:ﬀ Õ/%<=E%BhYﬀ<:>Õ_!&%8"!HBk%8B"Õ)ﬁﬃB\=B\9%8"!pﬁﬀ ûk%E% Q Bk%Hﬁﬀ ûk%E%
Q′ :! úji\YCB\9%B\Õ)ﬁﬃB"=xB\9%¤hIY3ﬁﬃB"wûk%E%&w: Bª: B\Õ^KÕ/%<>=xE%Bﬀ3ﬁﬃ<ﬀÕ^ Ai Bk% Aj
%B+ﬁ"ÕBw: 9/ Q ý label(qi) = label(qj) Bk%%B+ﬁ9\ÕBw:-9)ﬁ¥B"3Õ_%<=x%B" Ai Bk%



































öó-ð"Q ðnïRõUï¾ð;ïAQö (1, 1, 2, 4, 3, 5, 7) 

õ é\g8é-ð,=öV$Quù#ð;øﬂ*xQ ð;éîUñ\øßû#ùUï¾ðkê-ø-*{î#öZé-ðUQ 576
Ó. Ø®Ù¹»ºÇ¼6587aÝ`|:9¹/iaÛJÝ`¹&º|i
1, 1, 2, 4, 3, 5, 7
9, 2, 2, 4, 3, 5, 7
9, 1, 3, 4, 3, 5, 7
9, 1, 2, 4, 4, 5, 7
9, 1, 2, 5, 6, 5, 7
9, 1, 2, 4, 8, 7, 7
9, 1, 2, 4, 8, 5, 8
9, 1, 2, 4, 3, 5, 9





















































































±¤Â VKcwÎÑæ`ÎÒHﬃ Ëdﬃ_ÍÌdÆ¿Îeﬃ|Í+É¦ÆÆ ÓŁ
0QõUô`ê-é-ð3Quù#ð;øﬂ*xQuð\é-,zöó-ð"Q ð`ïRõUï¾ð;ïAQö (1, 1, 2, 3, 2, 3, 4) éXõëìIQù#ð`û#éwöAQWúTùUñ\é-,;Q
ð;ñ\øTïRô^ô;ùUêXê-éXô\ô\éXùUñ\ô§¹ (4, 5, 2, 3, 2, 3, 4) , (1, 1, 5, 3, 6, 3, 4) éð (1, 1, 2, 6, 2, 7, 4) é-ð
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Qù#ð\ø-*Quð\éXôöZøßêQuùý ô\øõðûIQuõUôöRéXùUñ\ôó-ðﬀQuð\ôïZõ#ïRð\ïQuùý é-ðû#éXùý ûZéXõð\ñ\é÷éXùý ô\øõð
ûIQõ#ô`ùUõóð"Q ðaû#éwöQdzéXö 1 £_ïZõUô\ïV,ïRöVéý#ïRô\ð\é¡Qù *{øTïZõUôYùUõUé^ð;ñﬀQuõUô\ïRð\ïRøõ
lîQuñð;ïRñ`û#é



























:-Bªﬁ¥q`mEÕ_YCBsuHK[ﬂBﬀªﬀ<=?=Beûk%E%r!i9)!&%#!Eﬁ (1, 1, 2, 3, 2, 3, 4) 
Y
ﬁﬃ<Yﬀﬀý p = 1 ý p = 2































ô\ï[öVÅó-ð"Q ð q QwöZéaöAQdzéXö k , k > p ,IQöRøTñ\ôﬀô\øTõnõUøù  éQuùköAQEdzéXö[é-ô\ð k − 1 ë
¾




!ﬁ:ﬀ <9Tﬀ<9)ﬀ!:!i\YCBKﬁﬃBﬀ§Õ/%<>=xE%B"ﬁﬃ<ﬀÕ^ Ad Bk% Af ýlB\% p = 3 ýlﬂﬁﬃ<Yﬀxﬁ:ﬀ ûk%E%
:-Bwﬁﬃ ﬀB+ﬁ 3 hYCB\9;:ﬁﬃBwﬁ¥ ﬀB+ﬁ 9 iB"ªû\%E%&ª: B3ﬁﬃ ﬀB+ﬁ!9
-
û\Y"!B\Õ|Yb" 3 9;Bª"])9_m¦B"9%;hIªBk%
























ﬀB\Õ^M: Beﬁﬃ-ﬀB+ﬁ k > 3 hYCB\9;:YC<9%zﬁﬃBeﬁ¥ ﬀB+ﬁ k − 1 
0e$Qdzøñ\ûZ,ê-øTõUô;ïZû#óXñøõUôöRéXôQuù#ð;øﬂ*xQuð\éXôöZøßêQuùýlû#ï¥g8ó-ñ\éXõð\ôiûé Ai é-ð Aj QuîUñS~-ôöAQ
õUøù

éXöRöZé=õßù)*hóXñ\øð"Q ð;ïRøõo-2/QêíìQuõðrùUéiöZéXôQuù#ð;øﬂ*xQ ð;éXôVöZøßêQuùý Ai é-ð Aj ó-ðﬀQïRéXõð~öRéXô
ô\éXùUöZô5Q+|QuõðùUõló-ðﬀQuð5Q
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ñ\éXõßù/*{óXñ\øð"Q ð;ïRøõnéXô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÷8<Õ|Y9;<%#YﬀBB	^|B"=Hh;ﬁﬃBﬀýﬀ<=hIYC<9)ﬁﬃB"¸Õ/%<=E%B"ﬁﬃ<ﬀÕ^ Ad Bk% Af : B ﬁﬃ
q`mEÕ|YﬀB>su4}~[ﬂBﬀﬁﬃB"HÕ/%<=E%B" Ad Bk% Af : Bﬁﬃq`mEÕ_YCBs(4}!}8iÀﬀ <>Yﬀ:YCB: Brh)Yﬀﬀ<>Õ_Yﬀ
B"\%YﬀB"}h)Bﬀk%û¨Õ
-
\ÕIB"ý)hI<Õ_Y Ad ﬁ:ﬀ ûk%%`!i9)!&%#!EﬁEhYCB\9;:eﬁﬃBﬁ¥ ﬀB+ﬁ 5 B\%hI<>Õ_YHﬁ:ﬀ Õ/%<=E%B
Af ýzﬁ:ﬀ ûk%E%!i9)!&%#!Eﬁ|hYﬀB\9¤:ﬁﬃBeﬁﬃ ﬀBkﬁ 6 
ù$Quù#ð;øﬂ*xQ ð;é]îUñøû#ùUï¾ðQ¦Qõð"ô\ù)dUïöQYñ\éXõßù)*hóXñ\øð"Q ð;ïRøõ{éXôðöRép*¡+*{éªVQùýhöAQdzéXöZô
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Ai é-ð Aj øõðﬀêíìQuõUúTó/ê-éYô;øTõðﬀû#ó-ô;øTñS*xQuïRô]öRéXôô;ùUêXê-éXô\ô;é-ùUñ\ôﬀû#é p (é-ð,ô;ï8øõô\ùUï¾ð]öAQ
ð\ñﬀQuõUô\ïRð\ïZøTõ {p} ûIQõ#ô^öV$Quù#ð;øﬂ*xQ ð;épîUñ\øßû#ùUï¾ð^ïZõ#ïRð\ïQuöH4øTùmûIQuõUô^öV©Qù#ð\ø-*xQ ð;épî#ñ\øû#ù#ïRð
û#é-ôMQuù#ð;øﬂ*xQ ð;éXôlöRøßêQùýþû#étöAQWúTùUñé¸÷_ﬃbv (\,ﬂð;øTùUôlöZéXô§Quù#ð;øﬂ*xQ ð;éXô,û#ï¥góXñ\éXõð;ôüû#é
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ùUï:ô;éjñ\éXõê-øTõð\ñ\éXõð,zöRéXô_õ)faùû#ô b , c é-ð d é-ðYûIQõ#ôYöRé^îzøTïZõðYû#é^ñ\éXõû#ékò\{  øTùUô 5 öRéXô











































é`û#éYöAQ^îUñøîzøTô\ïRð\ïZøTõbﬂ,ïRö8ô\ù/»hðû#éYñ\é+*{îUöAQê-éXñ=öRéXôû#éXùýMQuù#ð;øﬂ*xQ ð;éXô Ai é-ð
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Q>WõkûZ$Q ð\ð\éXïZõûñ\éaöZéaõ)faùûnû#éaöAQ?òXøTõUé e éXô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